Introduction: Enamel demineralization after fixed orthodontic treatment can occur in 50% of patients. Brackets play a significant role in enamel demineralization. Silver has already been prooved to have antibacterial properties. Hence the present study is conducted to assess the antiadherent and antibacterial properties of photocatalytic silver dioxide (AgO 2 ) surface modified stainless steel orthodontic brackets against S. mutans. Materials and Methods: 80 stainless steel brackets of maxillary right central incisor brackets were divided into four groups. Each group consisted of 20 brackets. Groups containing uncoated brackets acted as a control group for their respective experimental group containing silver dioxide coated brackets. Brackets then were subjected to microbiological tests for assessment of their antiadherent and antibacterial properties against S.mutans. Results: Coated Brackets showed antiadherent effect against S.mutans compared with uncoated brackets. The bacterial mass that was bound to the AgO 2 coated brackets was less when compared with the uncoated brackets. Furthermore, AgO 2 coated brackets had a bactericidal effect on S.mutans. Conclusion: Coating brackets with photocatalytic silver di-oxide would be an innovative and logical step in preventing development of periodontal disease and white spot lesion in patients undergoing fixed orthodontic treatment.
IntRoductIon
White spot lesions on the teeth after debonding of orthodontic brackets are a common and unwanted side effect of fixed orthodontic treatment. The oral cavity with brackets and wire provides best conditions for growth of bacteria around it. [1] Furthermore, orthodontic patients have difficulty in maintaining good oral hygiene during the course of orthodontic treatment, and the fixed orthodontic appliance provides an environment for colonization of bacteria. This results in enamel demineralization around the brackets and finally progressing to white spot lesions. [2] Around 50% of patients undergoing orthodontic treatment suffer from white spot lesions after removal of brackets. [3, 4] Among the various materials used in fixed orthodontic treatment, brackets have been reported to have highest tendency of accumulating and retaining plaque and bacteria around it. Furthermore, the complex design of orthodontic brackets provides the ideal condition for plaque accumulation and also impedes proper cleaning of teeth. [5] The high critical surface tension of stainless steel makes it more prone to accumulate and retain plaque. In addition, decreased pH, increased plaque accumulation, and elevated Streptococcus mutans colonization around the stainless steel orthodontic brackets has been well documented in the literature. [6, 7] S. mutans which is the normal inhabitant of oral cavity is proved to play a major role not only in initiation but is also important in the progression of white spot lesions. With the decrease in pH of oral cavity, the number of S. mutans increases and this contributes to demineralization of the teeth. Prevention of the white spot lesions is a prime concern for the orthodontist, as these lesions are unaesthetic, unhealthy, and potentially irreversible. Particles such as titanium oxide (TiO 2 ), zinc oxide, tungsten oxide, cadmium sulfide, zinc sulfide, and iron oxide are considered ideal photocatalysts for these reactions. [9] Among these, silver dioxide (AgO 2 ) has attracted considerable attention and has been reported to be the most useful substance in organic degradation processes on account of its chemically stable properties and absence of harmful effects on humans. [10, 11] Photocatalytic degradation of organic compounds in water treatment processes and the decomposition of air pollutants have been studied for several decades [12] Applying the concept of photocatalysis to orthodontics by coating brackets with AgO 2 to prevent the growth and adherence of bacteria would be an innovative and logical step in preventing the development of periodontal disease and white spot lesion during fixed orthodontic treatment. No study has been undertaken till now to evaluate the antibacterial and antiadherent properties of AgO 2 -coated orthodontic brackets.
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This study intended to evaluate antiadherent and antibacterial properties of surface-coated AgO 2 modified stainless steel orthodontic brackets against S. mutans.
MateRIals and Methods
This study was done on eighty specimens of stainless steel preadjusted edgewise appliance maxillary right central incisor brackets. The specimens were divided into four groups. One group was for assessment of antiadherent and another for antibacterial properties of photocatalytic AgO 2 . Two other groups were used as a control for each experimental group. Each group consisted of twenty specimens. Groups containing uncoated brackets acted as a control group for their respective experimental group containing coated brackets.
Bacterial strains
S. mutans strains were used for adhesion and viability tests. S. mutans was inoculated into 5 mL of de Man, Rogosa and Sharpe (MRS) broth and was incubated for 24 h at 37°C. For the adhesion test, 10% of an overnight-cultured broth was transferred to 10 mL of the MRS broth containing 10% sucrose and was incubated for 24 h.
Preparation of photocatalytic silver dioxide-coated orthodontic brackets
Surface modification of stainless steel orthodontic brackets with AgO 2 was carried out using Tecport Sputter Coater by sputtering method in Indian Institute of science, Bengaluru [ Figure 1 ]. Sputtering processes remove surface atoms or molecular fragments from a solid cathode (target) by bombarding it with positive ions from an inert gas (argon) discharge and deposit them on the nearby substrate to form a thin film. Substrates are placed in a vacuum chamber and are pumped down to a prescribed process pressure. Sputtering starts when a negative charge is applied to the target material, causing a plasma or glow discharge. Positively charged gas ions generated in the plasma region are attracted to the negatively biased target plate at a very high rate of speed. This collision creates a momentum transfer and ejects atomically sized particles from the target. These particles are deposited as a thin film onto the surface of the substrates [ Figure 2a and b]. In the present study, sputtering was carried out on stainless steel orthodontic brackets (substrate) using silver (Ag) as the target. A plasma generated inside the vacuumized chamber ejected surface atoms from the titanium target, which were sputtered onto the stainless steel brackets (substrate). The distance between the substrate and the target was kept constant at 7 cm, and sputtering was conducted for a period of 20 min. All brackets were sputtered at the same time to achieve a thin and uniform coating of silver. The sputtered silver was further oxidized in an ambient environment inside an open air furnace at 500°C for 5 h to provide a uniform coating of AgO 2 on the stainless steel orthodontic brackets.
Evaluation of bacterial adhesion to orthodontic brackets
Before the adhesion test, the brackets were ultrasonicated for 5 min in 2-propanol to remove adventitious macroscopic contaminations and were dried in a desiccator. After cleaning and sterilizing in an autoclave, the brackets were preweighted using an analytical balance and were stored in an airtight container. In a sterile beaker containing 10 mL of an MRS broth, an overnight-cultured S. mutans culture broth was inoculated to a final concentration of 10%. After this, 1 mL of this suspension was pipetted into each of the Eppendorf tubes [ Figure 3 ], and the brackets were immersed in it and were incubated for 24 h at 37°C under illumination of ultraviolet-A (UV-A) black light (Philips Electronics TLD15W/08, F15T8BLB, Philips Electronics, Blue Bell, Pa, USA) inside the laminar air flow chamber or inoculator [ Figure 4 ]. Brackets to which bacteria adhered were carefully removed and immersed in a 10% formaldehyde solution for 30 min to immobilize the cells. After a careful rinse with distilled water, the brackets were dried in a desiccator for 24 h. The weight change of the brackets during the bacterial adhesion test was recorded with an analytical balance.
Antibacterial activity assay of orthodontic brackets
Antibacterial activities of the surface-modified orthodontic brackets were demonstrated against S. mutans. First, the S. mutans culture broth was diluted with MRS broth to achieve an optical density of 1.0 at 660 nm. Ten milliliters of the diluted bacterial suspension was transferred onto Petri dishes containing uncoated stainless steel brackets and AgO 2 -coated brackets. These dishes were illuminated with a UV-A black light inside the laminar air flow chamber with an intensity of 1.0 mW/cm 2 for 60 min [ Figure 5 ]. After illumination, 100 mL of the bacterial suspension was serially diluted and plated onto MRS agar plates. Antibacterial activity was described as the survival rate by colony-forming units (CFUs) for S. mutans [ Figure 6a and b].
Statistical method
Descriptive and inferential statistical analysis has been carried out in the present study. Results on continuous measurements are presented on mean ± standard deviation (Min-Max) and results on categorical measurements are presented in number (%). Significance is assessed at 5% level of significance. The following assumptions on data are made, assumptions: (1) dependent variables should be normally distributed, (2) samples drawn from the population should be random, cases of the samples should be independent.
Student t-test (two-tailed, independent) has been used to find the significance of study parameters on continuous scale between two groups (intergroup analysis) on metric parameters. Leven1s test for homogeneity of variance has been performed to assess the homogeneity of variance, and Student t-test (two-tailed, dependent) has been used to find the significance of study parameters on continuous scale within each group.
Statistical software
The statistical software, namely, Stata 10.1 (StataCorp LP, 4905 Lakeway Drive College Station, Texas 77845-4512, USA) were used for the analysis of the data, and Microsoft Word and Excel have been used to generate graphs, tables, etc.
Results

Adhesion of Streptococcus mutans to the surface of orthodontic brackets
The groups that were used to assess the adhesion of S. mutans to the surface of orthodontic brackets are as shown in Table 1 . From the data shown in Table 2 , it is seen that Group 1 (uncoated brackets) had initial average weight of 0.0702 ± 0.00 and final average weight of 0.0738 ± 0.0003 with the increase in weight being 5.85%, which was statistically significant (t = 2.51 + 15, P < 0.001**).
Group 2 (coated brackets) had initial average weight of 0.0782 ± 0.000 and final average weight of 0.0799 ± 0.0002 with the increase in weight being 2.21%, which was statistically significant (t = 69.56, P < 0.01**).
It can be seen that there is 5.8% weight change in uncoated brackets compared to 2.2% in surface modified brackets, this is statistically significant with low change in surface-modified brackets group with P ≤ 0.001** [ Figure 7 ].
Thus, uncoated orthodontic brackets showed a greater increase in the weight when compared to the surface-modified orthodontic brackets.
Antibacterial activity of surface-modified orthodontic brackets on Streptococcus mutans
The groups that were used to assess the adhesion of S. mutans to the surface of orthodontic brackets are as shown in Table 3 . Survival rate of the bacterial cells is calculated in terms of CFUs [ Figure 8 ].
In Table 4 , it is seen that in the dilution agar plate method, the survival rate of S. mutans was 54.80 ± 5.44 CFU in the case of Group 3 (uncoated brackets), whereas it was 33.15 ± 5.54 CFU in the case of Group 4 (coated brackets). Antibacterial activity in CFU is statistically significantly less in Group 4 when compared to Group 3 (54.80 vs. 33.15 CFU) with P ≤ 0.001**) [ Figure 9 ].
Comparing the logarithm of colony count as in Table 5 , it was seen that log colony count for Group 3 was 3.99 ± 0.11, whereas it was 3.48 ± 0.17. Antibacterial activity in log CFU is statistically significantly less in Group 4 when compared to Group 3 (3.99 vs. 3.48 log CFU) with P ≤ 0.001** [ Figure 10 ]. Thus, the groups containing surface-modified brackets showed statistically significant decrease in the survival rate of S. mutans expressed as CFU and as log of colony count when compared to groups containing uncoated bracket.
dIscussIon
The photocatalytic effects of AgO 2 as a surface coating can be used for the benefit of orthodontic patients by reducing microbial growth responsible for periodontal disease and enamel decalcification. In recent studies, surface modification of stainless steel orthodontic wires with photocatalytic AgO 2 and titanium silver (TiAg) has led to positive results.
The orthodontic brackets form an integral part of the fixed orthodontic appliances and supply a good shelter and habitat for the oral microorganism.
In terms of coating materials, the idea of coatings incorporated with copper, aluminum, or other antimicrobial active metals was considered. However, such a substrate/coating system may induce corrosion due to undesired bimetal effects and may be unsustainable during service. [13] In this regards, the antibacterial properties of silver are not new to the field of medicine. Silver has been used for a long time as an antibacterial drug. Silver also has been used for coating in the industrial field because of its ability to prevent corrosion by forming a passive layer. The idea of coating silver traced back to this concept of passivating layer in addition to its antibacterial properties.
A meta-analytical study was performed to estimate the effectiveness of silver-coated urinary catheters. This meta-analysis clarifies discrepant results among trials of silver-coated urinary catheters by revealing that silver alloy catheters are significantly more effective in preventing urinary tract infections. [15] Antibacterial and antiadherent efficacy of photocatalytic titanium dioxide-coated orthodontic brackets has already been proven.
Orthodontic brackets form an integral part of the fixed orthodontic appliances and supply a good shelter and habitat for the oral microorganism. Due to their intricate design, brackets have high plaque harboring capacity as it is difficult for the toothbrush bristles to clean each surface of the brackets.
Reducing the chances of oral microorganism to adhere to the surface of the brackets can be the most effective method to prevent enamel decalcification and periodontal diseases. [14] A recent study conducted using brackets modified with photocatalytic titanium dioxide has shown that brackets coated with photocatalytic TiO 2 have greater antibacterial and antiadherent properties than uncoated brackets. [9] The present study has been undertaken to modify the surfaces of stainless steel orthodontic brackets with photocatalytic AgO 2 and assess their antiadherent and antibacterial properties. In recent studies, surface modification of stainless steel orthodontic wires with photocatalytic AgO 2 and TiAg has led to positive results.
The idea coating the brackets with silver rather than titanium comes from three important limitations from the previous studies conducted to check effectiveness of titanium dioxide coating on brackets. The first one is that titanium is very expensive material compared to silver. Hence, coating the brackets with titanium would increase the cost of these brackets, which could restrict the practitioners from using these brackets clinically in day-to-day practice. Another limitation is that when the brackets are coated with titanium, they lose their shiny appearance and turns into somewhat blackish green color which again is an esthetic concern when using these brackets on patients in day-to-day practice. Thus, coating of brackets with photocatalytic AgO 2 provides an additional advantage of esthetics apart from antibacterial and antiadherant properties which will help us in providing better care to our patients.
conclusIons
The photocatalytic AgO 2 coating prevented the adhesion of S. mutans to the orthodontic brackets, hence demonstrating its antiadherent properties. The photocatalytic AgO 2 also demonstrated antibacterial effects against S. mutans.
Surface modification of orthodontic brackets with photocatalytic AgO 2 can be used to prevent the development of dental plaque and dental caries during orthodontic Treatment and thus prevent the formation of white spot lesions and periodontal breakdown during orthodontic treatment.
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